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Effect of decoherence and correlated noise on the entanglement of X-type state of the 
Dirac fields in the non-inertial frame is investigated. A two qubit X-state is considered to 
O^l ' be shared between the partners where Alice is in inertial frame and Rob in an accelerated 



frame. The concurrence is used to quantify the entanglement of the X-state system influenced 
by time correlated amplitude damping, depolarizing and bit flip channels. It is seen that 
amplitude damping and bit flip channels heavily influence the entanglement of the system 
as compared to the depolarizing channel. It is found possible to avoid entanglement sudden 
death (ESD) for all the channels under consideration for /i > 0.75 for any type of initial 
, state. No ESD behaviour is seen for depolarizing channel in the presence of correlated noise 

■ for entire range of decoherence parameter p and Rob's acceleration r. It is also seen that the 

effect of environment is much stronger than that of acceleration of the accelerated partner. 
Furthermore, it is investigated that correlated noise compensates the loss of entanglement 
^ , caused by the Unruh effect. 

' PACS: 04.70.Dy; 03.65.Ud; 03.67.Mn 



X 



Keywords: Quantum decoherence; correlated noise; non-inertial frames. 



o 

Cn ■ I. INTRODUCTION 



Quantum entanglement is the major resource in quantum information science and can be used 



H ■ as a potential source for quantum teleportation of unknown states [1], quantum key distribution 

[2], quantum cryptography [3] and quantum computation [4, 5]. Entanglement sudden death for 
bipartite and multipartite systems has been the main focus of researchers during recent years [6-11]. 
Another important feature, entanglement sudden birth (ESB) has also been investigated where the 
initially unentangled qubits can be entangled after a finite evolution of time [12-13]. Recently, 
entanglement behavior in non-inertial frames was investigated by Alsing et al. [14]. They studied 
the fidelity of teleportation between relative accelerated partners. Quantum information in a 
relativistic setup has become an interesting topic of research during recent years [15-27]. 

Since, quantum systems are influenced by their environment that may results in the non-unitary 
dynamics of the system. Therefore, the environmental effect on a quantum system gives rise to the 
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phenomenon of decoherence that causes an irreversible transfer of information from the system to 
the environment [28-29]. Study of decoherence in non-inertial frames have been investigated for 
bipartite and multipartite systems by number of authors [30-33], where it is shown that entangle- 
ment is degraded by the acceleration of the inertial observers. Recently, a qubit-qutrit system in 
non-inertial frames has been analyzed under decoherence [34], where it is shown that ESB does 
occur in case of depolarizing channel. On the other hand, quantum channels with memory [35-39] 
provide a natural theoretical framework for the study of any noisy quantum communication. The 
main focus of this work is to study the entanglement dynamics in the presence of correlated noise 
as it has not been studied yet in non-inertial frames. 

In this paper, decoherence and correlated noise effects are investigated for X-type states in 
non-inertial frames by considering using amplitude damping, depolarizing and bit flip channels. 
The two observers Alice and Rob share an X-type state in non-inertial frames. Alice is considered 
to be stationary whereas Rob moves with a uniform acceleration. Two important features of 
entanglement, ESD and ESB are investigated. No ESD occurs in case of depolarizing channel in 
the presence of correlated noise. 



II. OPEN SYSTEM DYNAMICS OF NON-INERTIAL OBSERVERS UNDER 

CORRELATED NOISE 

The evolution of a system and its environment can be described by 

UsEiPs<^\0)E{0\)Ulj, (1) 

where Use represents the evolution operator for the combined system and \0)e corresponds to the 
initial state of the environment. By taking trace over the environmental degrees of freedom, the 
evolution of the system can be obtained as 

L{ps) = Tte{Use{ps^\0)e{0\)uI^} 

= Y1 e{p\Use\0)ePse{0\)uIMe (2) 

where \p)e represents the orthogonal basis of the environment and L is the operator describing 
the evolution of the system. The above equation can also be written as 

L{ps) = Y, M^PsMj, (3) 
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where = e (a*! ^s_e|0)_e are the Kraus operators as given in Ref. [40]. The Kraus operators 
satisfy the completeness relation 

E ^^M*^M = l (4) 

The decoherence process can also be represented by a map in terms of the complete system- 
environment state. The dynamics of a d-dimensional quantum system can be represented by the 
following map [41] 

Use\^i)s ^ \0)e = Mk^s \k)E (5) 
where {ICz)^} = li ,d) is the complete basis for the system and 

iei>5^|0)i? ^ Mo\Ci)s^\0)e + + Mrf2„i|ei)5 0M^-l)i? 

1^2)5 ® \0)e ^ Mo\C2)s ^ \0)e + + Mrf2„i|e2)5 ® - l>s 



\Us C5 \0)e ^ MolUs ® \0)e + + Md2_i|Q5 ® - l>i? (6) 

Let Alice and Rob (the accelerated observer) share the following X-type initial state 

/'AR = ^(^/Ai? + ^QaS^^®aS^^^ (7) 

where Iar is the identity operator in a two-qubit Hilbert space, o"^^'' and cj^^^ are the Pauli 
operators of the Alice's and Rob's qubit and Cj (0 < |cj| < 1) are real numbers satisfying the unit 
trace and positivity conditions of the density operator p^n- In order to study the entanglement 
dynamics, different cases for initial state are considered, for example, the general initial state 
(|ci| = 0.7, \c2\ = 0.9, \cs\ = 0.4), the Werner initial state (|ci| = \c2\ = jcsl = 0.8), and Bell basis 
state (|ci| = |c2| = Ical = 1). 

Let the Dirac fields, as shown in Refs. [42, 43], from an inertial perspective, can be described 
by a superposition of Unruh monochromatic modes \Oir) = 0ui\O^)u and \lu) = 'S'ui\lui)u with 

\Ou>)u = cosr|0aj)/|0aj)// + siu r 1 1^)/ 1 1^)// (8) 

and 

\1^)m = \UiK)ii (9) 
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where cos r = a is the acceleration of the observer, uj is frequency of the Dirac 

particle and c is the speed of light in vacuum. The subscripts / and // of the kets represent the 
Rindler modes in region / and //, respectively, as shown in the Rindler spacetime diagram (see Ref. 
[31], Fig. (1)). By using equations (8) and (9), equation (7) can be re-written in terms of Minkowski 
modes for Alice {A) and Rindler modes for Rob {R). The single- mode approximation is used in 
this study, i.e. a plane wave Minkowski mode is assumed to be the same as a plane wave Unruh 
mode (superposition of Minkowski plane waves with single-mode transformation to Rindler modes). 
Therefore, Alice being an inertial observer while her partner Rob who is in uniform acceleration, 
are considered to carry their detectors sensitive to the u mode. To study the entanglement in the 
state from their perspective one must transform the Unruh modes to Rindler modes. Hence, Unruh 
states must be transformed into the Rindler basis. Let Rob detects a single Unruh mode and Alice 
detects a monochromatic Minkowski mode of the Dirac field. Considering that an accelerated 
observer in Rindler region / has no access to the field modes in the causally disconnected region 
// and by taking the trace over the inaccessible modes, one obtains the following density matrix 

(1 -I- C3)cos^r 

(1 + C3)sin2r-F(l-C3) 





Par 



^ c cos r 


c"*" cos r 
(1 — ca) cos^ r 




c ' cos r 




(10) 



c cos r 



(1-C3)-F(l-Fc3)sin^r J 

where = ci + C2 and c~ = ci — C2 . 

Since noise is a major hurdle while transmitting quantum information from one party to other 
through classical and quantum channels. This noise causes a distortion of the information sent 
through the channel. It is considered that the system is strongly correlated quantum system, the 
correlation of which results from the memory of the channel itself. The action of a Pauli channel 
with partial memory on a two qubit state can be written in Kraus operator formalism as [35] 



A. 



Pi[{l - ij)pj -f iJi8ij\ai ® cjj 



(11) 



where ai (aj) are usual Pauli matrices, pi (pj) represent the decoherence parameter and indices i 
and j runs from to 3. The above expression means that with probability fi the channel acts on the 
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second qubit with the same error operator as on the first qubit, and with probabihty (1 — /x) it acts 
on the second qubit independently. Physically the parameter /x is determined by the relaxation 
time of the channel when a qubit passes through it. The action of a two qubit Pauli channel 
when both the qubits of Alice and Rob are streamed through it, can be described in operator sum 
representation as [46] 

1 

Pf= (^fe ^5 ® 4j (12) 

ki, k2=0 

where represents the initial density matrix for quantum state and A^. are the Kraus operators 
as expressed in equation (11). A detailed list of single qubit Kraus operators for different quantum 
channels with uncorrelated noise is given in table 1. Whereas, the Kraus operators for amplitude 
damping channel with correlated noise are given by Yeo and Skeen [36] 



00 



cosx 

10 

10 

1 



^11 









(13) 



sinx 

where, < x ^ '^/'^ find is related to the quantum noise parameter as 

The action of such a channel with memory can be written as 

1 1 
vr ^ p = cl,(vr) = (1 - ^.) J] A^TTJ^j + ^^Y1 A^ttA 



4 

kk 



(14) 



(15) 



i,j=0 k=0 

where the superscripts u and c represent the uncorrelated and correlated parts respectively. The 
Kraus operators are of dimension 2^ and are constructed from single qubit Kraus operators by 
taking their tensor product over all combinations 



A, 



(16) 



where i is the number of Kraus operator for a single qubit channel. The final state of the system 
after the action of the channel can be obtained as 



Pf = %Apaj) 



(17) 



where is the super-operator realizing the quantum channel parametrized by real numbers 

p and fi. Since, the entanglement dynamics of the bipartite subsystems (especially the system- 
environment dynamics) is of interest here, therefore, only bipartite reduced matrices are considered. 
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It is assumed that both Ahce and Rob's qubits are influenced by the time correlated environment. 
The entanglement of a two-qubit mixed state p in a noisy environment can be quantified by the 
concurrence as defined by [45] 



C{p) = max{0, Ai - A2 - A3 - A4}, Aj ^ Aj+i ^ 



(18) 



where Aj are the square roots of the eigenvalues of the matrix PfPf, with pj^ being the spin fiip 
matrix of pj and is given by 



Pf = {(Ty ® cry)pficry <^ CFy) 



(19) 



where ay is the usual Pauli matrix. Since the density matrix under consideration has X-type 
structure, therefore a simpler expression for the concurrence [46] can be used 



C(/)) = 2max{0,(7i(p),C2(/o)} 



(20) 



where Ci{p) = yJPuP4_i - V/'22P33 and C2{p) = ^/p^i^P^- ^fPr^A- The reduced-density matrix of 
the inertial subsystem A and the non-inertial subsystem ii, can be obtained by taking the partial 
trace of PajieaE- ~ Par ® ParEaE- ^^^'^ degrees of freedom of the environment i.e. 



Par - ^'^EAEf.iPAREAEf) 



(21) 



which yields the concurrence for the X-state structure using equation (20), under amplitude damp- 
ing channel as 

f 2v/c+2(p(//-l) + l)2cos2(r) \ 



C^D(p) 



1 



2(c3 + l)ppcos^{r) + {{p - 2)p{p - 1) - l)x 
(C3 + (C3 + 1) cos(2r) - 3) 
{p + l)(/i - l)(c3(p - 1) + (C3 + 1) cos(2r)(p - 1) 
-3p- 1) -2(c3 + l)(p- l)/icos2(r) 



(22) 
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The concurrence of X-state system in case of depolarizing channel becomes 
/ 



cos^(r) 



(C3 + l)p(c~;U + c+(-4p 
+(4p - 7)fi + 4)) cos2(r) - 2c+(p(/i - 2) + 4) 
(C3 + l)p(c~^f + c+(-4p + (4p - 7)/u + 4)) cos2(r) 
-2 (c+ (4(^ - + (6 - 8n)p - 4) + c~p/i) 



V 




(-4(// - + 8(/x - l)p + 4) c"^ - c+p^ic~ 
+ (C3 + - 4) + 4) cos2(r) + 4(c3 + l)p 

i(c3 + l)2(p(^-4)+4) cos4(r) 
4 {{fi - _ 2{fi - l)p - 1) c"^ + c+p/ic' 
+4c3(p(/i - 3) + 4) + 4(p(^ - 3) + 4) 
cos^(r) +p{fi - 2) + 4 



and the concurrence of the X-state system under the influence of bit flip channel reads 



c+ (2(/x - ly _ 2{fi - l)p - 1) 
+2c~p{-fip + P + fi- I) 



cos2(r) 



(2p- (c3 + l)(2p-l)cos2(r)) 
\} {{c3 + l){2p-l)cos'^{r) -2p + 2) 



(23) 



(24) 



where the super-scripts AD, Dep and BF correspond to amplitude damping, depolarizing and bit 
flip channels respectively. The results are consistent with Refs. [46, 47] and can be easily verified 
from the expressions (equations 22-24) by setting r = = and = respectively. 



III. DISCUSSIONS 



Analytical expressions for the concurrence are calculated for X-type initial state in non-inertial 
frames influenced by amplitude damping, depolarizing and bit flip channels. In figures 1 and 2, the 
concurrence is plotted as a function of memory parameter fi for p = 0.3 and p = 0.7 respectively, for 
amplitude damping, depolarizing and bit flip channels. The first panel (column-wise) corresponds 
to Bell states, whereas the second and third panels correspond to Werner and general initial states, 
respectively. It is seen that for Bell basis states, entanglement sudden death can be avoided in case 
of amplitude damping and depolarizing channels in the presence of correlated noise. However, it 
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is possible to fully avoid ESD for all the channels under consideration for > 0.75 (which can be 
seen from the figure). On the other hand, ESD can also be avoided for Werner and general initial 
states as well in case of amplitude damping channel at higher degree of correlations. As the value 
of acceleration r increases, the entanglement degradation is enhanced which is more prominent 
for lower range of memory parameter /i. It is also seen that bit-flip noise heavily influences the 
entanglement of the system as compared to the amplitude damping and depolarizing channels for 
lower level of decoherence. Whereas at higher level of decoherence, damping effect of amplitude 
damping channel becomes more prominent (see figure 2). Furthermore, it can be seen that initial 
state plays an important role in the system-environment dynamics of entanglement in non-inertial 
frames. 

In figure 3, the concurrence is plotted as a function of decoherence parameter p for /x = 0.5 
for amplitude damping, depolarizing and bit flip channels. It can be seen that the concurrence is 
heavily damped by different environments. This effect is much prominent for amplitude damping 
and bit flip channels. It is seen that maximum entanglement degradation occurs at p = 0.5 in 
case of bit flip channel and entanglement rebound process take place for p > 0.5. Furthermore, no 
ESD behaviour is seen for depolarizing channel in the presence of correlated noise. The degree of 
entanglement degradation enhances as one shifts from Bell type initial state to the case of general 
initial state. However, it saturates for infinite acceleration limit (r = 7r/4). 

In figures 4 and 5, the concurrence is plotted as a function of Rob's acceleration r and decoher- 
ence parameter p with /x = 0.3 and 0.7 for amplitude damping, depolarizing and bit flip channels. 
The upper panel (row-wise) corresponds to Bell states, whereas the middle and lower panels cor- 
respond to Werner and general initial states respectively. From figure 5, it can be seen that ESD 
can be fully avoided for all the three types of initial states under depolarizing and bit flip noises at 
50% quantum correlations. On the other hand, ESD behaviour is seen only in case of amplitude 
damping channel for p > 0.75. Therefore, different environments affect the entanglement of the 
system differently. In figure 6, the concurrence is plotted as a function of memory parameter /x and 
decoherence parameter p with r = 7r/4 for amplitude damping, depolarizing and bit flip channels. 
It is shown that maximum ESD occurs in case of amplitude damping channel. However, ESD can 
be avoided for depolarizing channel for /x > even for maximum value of decoherence i.e. p = 1. 
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IV. CONCLUSIONS 

Environmental effects on the entanglement dynamics of Dirac fields in non-inertial frames is 
investigated by considering X-type initial state shared between the two partners. It is assumed that 
the Rob is in accelerated frame moving with uniform acceleration whereas Alice is the stationary 
observer. The concurrence is used to investigate the decoherence and correlated noise effects on the 
entanglement of the system. Different initial states are considered such as Bell basis, Werner type 
and general initial states. It is seen that in case of Bell basis states, entanglement sudden death 
can be avoided for amplitude damping and depolarizing channels in the presence of correlated 
noise. Whereas, for Werner like and general initial states, the entanglement sudden death occurs 
more rapidly as the value of decoherence parameter p and Rob's acceleration r increase. Therefore, 
the initial state plays an important role in the system-environment dynamics of entanglement in 
non-inertial frames. It is shown that bit-flip channel and amplitude damping channels heavily 
influence the entanglement of the system as compared to the depolarizing channel. It is possible to 
avoid ESD for all the channels under consideration for /_f > 0.75 irrespective of the type of initial 
state considered. The effect of environment is much stronger than that of Rob's acceleration r. 
Furthermore, no ESD occurs for depolarizing channel for any value of p and r, in the presence of 
correlated noise. In conclusion, correlated noise compensates the loss of entanglement caused by 
the Unruh effect. 



[1] Bennett, C.H., Brassard, G., Crepeau, C, Jozsa, R., Peres, A., Wootters, W.K.: Teleporting an 
Unknown Quantum State via Dual Classical and Einstein-Podolsky-Rosen Channels. Phys. Rev. Lett. 
70, 18951 (993) 

[2] Ekert, A.: Quantum cryptography based on Bell's theorem. Phys. Rev. Lett. 67, 661 (1991) 
[3] Bennett, C.H., Brassard, C, Mermin, N.D.: Quantum cryptography without Bell's theorem. Phys. 
Rev. Lett. 68, 557 (1992) 

[4] Grover, L.K.: Quantum mechanics helps in searching for a needle in a haystack. Phys. Rev. Lett. 79, 
325 (1997) 

[5] DiVincenzo, D.P.: Quantum computation. Science 270, 255 (1995) 

[6] Jakobczyk, L., Jamroz, A.: Noise-induced finite-time disentanglement in two-atomic system. Phys. 
Lett. A 333, 35-45 (2004) 

[7] Yonac, M. et al.: Sudden death of entanglement of two Jaynes-Cummings atoms. J. Phys. B 39, 
S621-S625 (2006) 



10 



[8] Ann, K., Jaeger, G.: Local-dephasing-induccd entanglement sudden death in two-component finite- 
dimensional systems. Phys. Rev. A 76, 044101 (2007) 

[9] Jaeger, G., Ann, K.: Disentanglement and decoherence in a pair of qutrits under dephasing noise. J. 
Mod. Opt. 54, 2327-2338 (2007) 
[10] Yu, T., Eberly, J.H.: Qubit disentanglement and decoherence via dephasing. Phys. Rev. B 68, 165322 
(2003) 

[11] Yu. T., Eberly, J.H.: Quantum open system theory: bipartite aspects. Phys. Rev. Lett. 97, 140403 
(2007) 

[12] Ficek, Z., Tanas, R.: Delayed sudden birth of entanglement. Phys. Rev. A 77, 054301 (2008) 

[13] Lopez, C.E., Romero, G., Lastra, P., Solano, E., Retamal, J.C.: Sudden birth versus sudden death of 

entanglement in multipartite systems. Phys. Rev. Lett. 101, 080503 (2008) 
[14] Alsing, P.M., Milburn, G.J.: Teleportation with a uniformly accelerated partner. Phys. Rev. Lett. 91, 

180404 (2003) 

[15] Alsing, P.M., Fuentes-Schuller, I., Mann, R.B., Tessier, T.E.: Entanglement of Dirac fields in noninertial 

frames. Phys. Rev. A 74, 032326 (2006) 
[16] Lamata, L., Martin-Delgado, M.A., Solano, E.: Relativity and Lorentz Invariancc of Entanglement 

Distillability. Phys. Rev. Lett. 97, 250502 (2006) 
[17] Fuentes-Schuller, I., Mann, R.B.: Alice falls into a black hole: entanglement in noninertial frames. 

Phys. Rev. Lett. 95, 120404 (2005) 
[18] Pan, Q., Jing, J.: Degradation of nonmaximal entanglement of scalar and Dirac fields in non-inertial 

frames. Phys. Rev. A 77, 024302 (2008) 
[19] Wang, J., Pan, Q., Chen, S., Jing, J.: Entanglement of coupled massive scalar field in background of 

dilaton black hole. Phys. Lett. B 677, 186 (2009) 
[20] Moradi, S.: Distihability of entanglement in accelerated frames. Phys. Rev. A 79, 064301 (2009) 
[21] Bruschi, D.E., et al: The Unruh effect in quantum information beyond the single-mode approximation. 

Phys. Rev. A 82, 042332 (2010) 
[22] Hwang, M.-R., Park, D., Jung, E.: Tripartite entanglement in a noninertial frame. Phys. Rev. A 83, 

012111 (2010) 

[23] Wang, J., Jing, J.: Multipartite entanglement of fermionic systems in noninertial frames. Phys. Rev. 
A 83, 022314 (2011) 

[24] Wang, J., Deng, J., Jing, J.: Classical correlation and quantum discord sharing of Dirac fields in 

noninertial frames. Phys. Rev. A 81, 052120 (2010) 
[25] Montero, M., Martin-Martfncz, E.: Fermionic entanglement ambiguity in noninertial frames. Phys. 

Rev. A 83, 062323 (2011) 

[26] Montero, M., Martfn-Martfnez, E.: Entanglement of arbitrary spin fields in noninertial frames. Phys. 
Rev. A 84, 012337 (2011) 

[27] Montero, M., et al.: Fermionic entanglement extinction in noninertial frames. Phys. Rev. A 84, 042320 



11 



(2011) 

[28] Moradi, S.: Relativity of mixed entangled states. Quant. Inf. & Conip. 11, 957 (2011) 
[29] Zurek, W.H. et al.: Decoherence and the transition from quantum to classical. Phys. Today 44, 36 
(1991) 

[30] Zurek, W.H.: Decoherence, einselection, and the quantum origins of the classical. Rev. Mod. Phys. 75, 
715 (2003) 

[31] Wang, J., Jing, J.: Quantum decoherence in nonincrtial frames. Phys. Rev. A 82, 032324 (2010) 
[32] Hwang, M.R. ct al.: Tripartite entanglement in a nonincrtial frame. Phys. Rev. A 83, 012111 (2010) 
[33] Zhang, W., Jing, J.: Multipartite entanglement for open system in nonincrtial frames. arXiv:quant- 
ph/1103.4903 (2011) 

[34] Ramzan, M., Khan, M.K.: Decoherence and entanglement degradation of a qubit-qutrit system in 
non-inertial frames. Quant. Inf. Process. DOI: 10.1007/slll28-011-0257-7 (2011) 

[35] Macchiavello, C, Palma, G.M.: Entanglement-enhanced information transmission over a quantum 
channel with correlated noise. Phys. Rev. A 65, 050301 (2002) 

[36] Yeo, Y., Skeen, A.: Time-correlated quantum amplitude-damping channel. Phys. Rev. A 67, 064301 
(2003) 

[37] Karimipour, V. et. al.: Entanglement and optimal strings of qubits for memory channels. Phys. Rev. 
A 74, 062311 (2006) 

[38] Bowcn, G., Mancini, S.: Quantum channels with a finite memory. Phys. Rev. A 69, 01236 (2004) 
[39] Kretschmann, D., Werner, R.F.: Quantum channels with memory. Phys. Rev. A 72, 062323 (2005) 
[40] Kraus, K.: States, Effects and Operations: Fundamental Notions of Quantum Theory. Springer, Berlin 
(1983) 

[41] Salles, A. et al.: Experimental investigation of the dynamics of entanglement: Sudden death, comple- 
mentarity, and continuous monitoring of the environment. Phys. Rev. A 78, 022322 (2008) 

[42] Aspachs, M. et al.: Optimal Quantum Estimation of the Unruh-Hawking Effect. Phys. Rev. Lett 105, 
151301 (2010) 

[43] Martn-Martnez, E. ct al.: Unveiling quantum entanglement degradation near a Schwarzschild black 

hole. Phys. Rev. D 82, 064006 (2010) 
[44] Nielson, M.A., Chuang, I.L.: Quantum Computation and Quantum Information. Cambridge University 

Press, Cambridge (2000) 
[45] Coffman, V. et al.: Distributed entanglement. Phys. Rev. A 61, 052306 (2000) 

[46] Maziero, J., Werlang, T., Fanchini, F.F., Celeri L.C., Scrra, R.M.: System-reservoir dynamics of quan- 
tum and classical correlations. Phys. Rev. A 81, 022116 (2010) 

[47] Wang, J., Jing, J.: System-environment dynamics of X-type states in nonincrtial frames. arXiv:quant- 
ph/1105.1216 (2011) 



12 



Figures captions 

Figure 1. (Color online). The concurrence is plotted as a function of memory parameter fi for 
p = 0.3 for amplitude damping, depolarizing and bit flip channels, where the abbreviations AD, 
Dep and BF correspond to amplitude damping, depolarizing and bit flip channels respectively. 
Figure 2. (Color online). The concurrence is plotted as a function of memory parameter for 
p = 0.7 for amplitude damping, depolarizing and bit flip channels. 

Figure 3. (Color online). The concurrence is plotted as a function of decoherence parameter p 
for = 0.5 for amplitude damping, depolarizing and bit flip channels. 

Figure 4. (Color online). The concurrence is plotted as a function of Rob's acceleration, r and 
decoherence parameter, p with /i = 0.3 for amplitude damping, depolarizing and bit flip channels. 
Figure 5. (Color online). The concurrence is plotted as a function of Rob's acceleration, r and 
decoherence parameter, p with fj, = 0.7 for amplitude damping, depolarizing and bit flip channels. 
Figure 6. (Color online). The concurrence is plotted as a function of memory parameter, /i and 
decoherence parameter, p with r = 7r/4 for amplitude damping, depolarizing and bit flip channels. 

Table Caption 

Table 1. Single qubit Kraus operators for amplitude damping, depolarizing and bit flip channels 
where p represents the decoherence parameter. 

TABLE I: Single qubit Kraus operators for amplitude damping, depolarizing and bit flip channels where p 
represents the decoherence parameter. 



Amplitude damping channel 


Ao = , = 

VI 


Depolarizing channel 


A2 = y^iy, A3 = yfa. 


Bit flip channel 


Aq ^ ^1 - pi, Ai = y/pax 



(a) Bell state (b) Werner state (c) General state 




FIG. 1: (Color online). The concurrence is plotted as a function of memory parameter /i for p = 0.3 for 
amplitude damping, depolarizing and bit flip channels. 




FIG. 2: (Color online). The concurrence is plotted as a function of memory parameter /i for p = 0.7 for 
amplitude damping, depolarizing and bit flip channels. 




FIG. 3: (Color online). The concurrence is plotted as a function of decoherence parameter p for /i = 0.5 for 
amplitude damping, depolarizing and bit flip channels. 



(a) Bell state under AD 



(b) Bell state under Dep 



(c) Bell state under BF 




FIG. 4: (Color online). The concurrence is plotted as a function of Rob's acceleration, r and decoherence 
parameter, p with /.( = 0.3 for amplitude damping, depolarizing and bit flip channels. 



(a) Bell state under AD 



(b) Bell state under Dep 



(c) Bell state under BF 




FIG. 5: (Color online). The concurrence is plotted as a function of Rob's acceleration, r and decoherence 
parameter, p with /.i = 0.7 for amplitude damping, depolarizing and bit flip channels. 



(a) Bell state under AD 



(b) Bell state under Dep 



(c) Bell state under BF 




FIG. 6: (Color online). The concurrence is plotted as a function of memory parameter, /i and decoherence 
parameter, p with r ~ n/A for amplitude damping, depolarizing and bit flip channels. 



